The structure of hormaomycin has been determined in two crystals grown under different conditions, i. e. in the absence and in the presence of magnesium chloride. In both crystals, the macrocyclic hexadepsipeptide assumes a rather flat conformation, and the dipeptide side chain resides in the same equatorial plane. This is a significant difference in comparison with the compact bent conformation of hormaomycin in solution, as previously determined by an extensive NMR study.
Introduction
Hormaomycin 1, a macrocyclic depsipeptide consisting of eight amino acid residues ( Fig. 1) , was first isolated and structurally elucidated in 1989 -1990 [1, 2] . Its absolute configuration was fully assigned some 15 years later [3, 4] and rigorously confirmed by total synthesis [5] .
Since hormaomycin 1 features some interesting biological activity [1, 2] including a significant inhibitory effect against Plasmodium falciparum, the pathogen causing malaria [6] , more than 20 analogs were prepared to enable, among others, the study of structureactivity relationships and the conformational behavior in solution [7 -9] . Detailed NMR-spectroscopic analysis revealed a rather compact secondary structure of the octapeptide, and it appeared that this compact conformation is essential for the biological activity [9] . It would certainly be interesting to know whether that same conformation prevails in the crystal. Several earlier attempts to crystallize the native hormaomycin were not successful, but finally crystals of the synthetic material 1 could be obtained and subjected to X-ray diffraction. 
Results and Discussion
Hormaomycin crystallized in space groups P1 and P2 1 from aqueous solutions at weakly basic pH = 8.5, For better clarity other atom names are not explicitly given. However, the atom names follow the usual amino acid naming schemes. depending on the presence or absence of MgCl 2 , respectively. Both crystals contain two independent molecules. The monomer structure of hormaomycin (1) is shown in Fig. 2 , while Fig. 3 displays the asymmetric unit of the structure in space group P1 with a six-fold water-coordinated Mg 2+ ion. All molecules assume an almost planar conformation and share high local homology. The root-mean-square deviation (rmsd) for the superposition between one molecule from each crystal form is 1.4 Å for 118 atoms. The strongest deviations occur in the flexible side chains, and the rmsd only for the main chain atoms of the flat ring section is 0.26 Å for 24 atoms. In contrast to the crystal structure, the structure in CDCl 3 solution, as previously determined in an elaborate NMR-spectroscopic study [9] , shows a compactly folded conformation, in which the residues I (Chpca) and (S)-II [(2S,1R ,2R )-(3-Ncp)Ala] are bent almost perpendicular to the rather flat main ring consisting of residues III-VI, as illustrated in Fig. 4 . This most probably is caused by an energetically favorable π-stacking interaction between the N-hydroxy-2-chloropyrrol moiety at the end of the side-chain I (Chpca) and one of the phenyl groups of the two β -methylphenylalanine residues IV in the macrocycle. In DMSO solution, however, the π-stacking interaction Table 1 . Backbone torsion angles for all four independent crystal structures of hormaomycin in comparison with those obtained by NMR spectroscopy. Torsion angle definitions: φ : 
As reported for the NMR models in DMSO [10] and CDCl 3 [9] ; b empty entries mark undefined angles in the respective residue; * c not reported in ref. [10] .
apparently does not play a significant role, and the conformation of the side chain is less well defined [10] . Table 1 compares the mean backbone angles of the two crystallographic structures with those reported by Blackledge and Griesinger [10] for the NMR models in DMSO and CDCl 3 . As was assumed for the NMRderived structures, in the crystals all peptide bonds have an s-trans orientation.
Conclusion
Two different crystal structures of hormaomycin (1) with two independent molecules each assume an open, flat conformation and show no s-cis-peptide bonds. The overall similarity of all four molecules is very high with small variations in the flexible side chains. This structure in the crystal significantly differs from the compact folded structure in CDCl 3 solution [9] , but in DMSO the side chain is more or less in a similar orientation as in the crystal. Blackledge, Griesinger et al. reported rms deviations between the superimposed macrocyclic rings of 2.3 Å between the solution and crystal structures, but only of 0.66 Å between the structures in the two different solvents [10] . They attributed these differences to the different hydrogenbonding properties of the solvents involved. In view of the much larger differences between the crystal and the NMR-derived structures than between the latter two, we suggest that intermolecular interactions in the crystal may have even more influence on the confor-mations than the solvents. Since hormaomycin in this study crystallized under aqueous conditions, we suggest that the crystal structures represent the conformation of hormaomycin in vivo. Whereas at least one of the NMR studies [10] appears to have used natural hormaomycin, the crystal structure analyses were performed on the synthetic product. Since these atomic resolution structures were solved by ab initio Direct Methods without making any assumptions about the chemical structures involved, they provide a convincing confirmation that the natural and synthetic compounds are indeed identical.
Experimental Section
Crystals were grown by the hanging drop vapor diffusion method. A drop (1 µL) of a solution of approx. 56 g L −1 (w/v) hormaomycin (1) in EtOH mixed with 1 µL of an aqueous buffer solution was hung over 300 µL of the reservoir solution. The reservoir solution for the crystal in space group P2 1 contained 0.1 M Tris-HCl (2-amino-2- The crystal form P2 1 was improved by micro-seeding. X-ray data were collected at the synchrotrons DESY in Hamburg, Germany (P2 1 ), and at the Paul Scherrer Institute (Swiss Light Source) in Switzerland (P1). The crystals diffracted poorly even with synchrotron radiation, so although the structures were unambiguously determined, their precision is not as high as usual for small molecule crystal structures. Data were processed and scaled with XDS [11] . The structures were solved and refined with SHELX-2013 [12] . The models were built with COOT [13] and SHELXLE [14] . Restraints for solvent molecules were generated from the grade-server (http://grade.globalphasing.org). Figures were created with MOLSCRIPT [15] and RASTER3D [16] . 6 ]X 2 (space group P1): Due to the poor quality of the intensity data set the Flack parameter could not be determined reliably. The chirality was determined relative to the chirality of the standard L-amino acids.
Only the two antibiotics molecules and the Mg with its six coordinating oxygen atoms were refined anisotropically, and no attempt was made to place hydrogens on the water oxygens.
Refinement of 1 (space group P2 1 ): As above, the chirality was determined relative to the chirality of the standard L-amino acids. Only the two antibiotics molecules were refined anisotropically, and no attempt was made to place hydrogens on the water oxygens. Despite the low density and high U values for MPD (2-methyl-2,4-pentanediol) and DOX (dioxane), they show up as difference density when the molecules are removed. The large shift/error and the short H···H contacts reported by PLATON refer to one of the dioxane molecules. The data resolution does not allow the detailed identification of ions nor a discussion of hydrogen bonds. Table 2 contains the crystal data and numbers pertinent to data collection and structure refinement of both structure determinations.
CCDC 1003606 contains the supplementary crystallographic data for space group P1. CCDC 1003607 contains the supplementary crystallographic data for space group P2 1 . These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac. uk/data_request/cif.
